In glycerol-treated sartorius muscle fibres, membranes were depolarized to about-30 mV when muscle fibres were perfused with Ca-free solution containing 2 mM EGTA. Under such a condition, muscle fibres were able to produce not only an initial spike potential (initial SP) but also a following slow depolarizing response (slow DR) forming a plateau phase by cathodal current pulse when membrane was previously hyperpolarized up to -80 mV by extrinsic anodal currents . The membrane conductance during a generation of these responses increased. Both initial SP and slow DR were abolished reversibly by removing external sodium ions. Tetrodotoxin (TTX) blocked a generation of the initial SP but did not affect on the slow DR. On the other hand, D-600 did not affect on the initial SP but blocked a generation of the slow DR. It is concluded that these responses are generated in the surface membrane and that the initial SP is produced by a movement of sodium ions through the sodium channels and the slow DR is produced by a movement of sodium ions through the calcium channels.
INTRODUCTION
Spinal ganglion cells of frog (Koketsu and Koyama, 1962) Matsuda et al., 1956; Chang and Schmidt, 1960; Goto and Abe, 1964; Gamier et al., 1969) and smooth muscle fibres (Prosser et al., 1977) 
METHODS
Isolated sartorius muscles of the frog (Rana nigromaculata), in which transverse tubular systems (T-system) had been disrupted by treatments with glycerol (Fu jino et al., 1961 ; Gage and Eisenberg, 1967; Howell and Jenden, 1967) , were used throughout.
Muscle fibres were impaled with two microelectrodes separated by less than 100 1 m for intracellular potential recordings and current applications ; the resistance of these electrodes was less than 10 megohm. The current was recorded by a high impedance operational amplifier.
The Ringer solution contained 112 mM NaCI, 2 mM KC1, 1.8 mM CaCl2 and 2.4 mM NaHCO 3 (pH: 7.3).
Ca-free EGTA solution was prepared by omitting CaCl2 and adding 2 mM ethyleneglycol-bis (9-amino-ethylether) N, N'-tetraacetic acid (EGTA) to the Ringer solution. Ca-free EGTA Tris solution contained 114 mM Tris-C1, 2 mM KC1 and 2 mM EGTA. The pH of the solutions containing EGTA was adjusted about 7.3 by adding NaOH. Drugs used in the present experiments are tetrodotoxin (TTX) and D-600.
All experiments
were carried out at room temperature (21 -23 °C).
RESULTS
In glycerol-treated surface fibres of frog sar.torius muscles, the resting membrane potential was ranged between -60 --80 mV in the Ringer solution.
Action potentials, which were elicited by cathodal current pulses applied through a microelectrode, exhibited no negative after-potentials and never caused twitches.
This suggests that the T-system in muscle fibres which are, at least, located on the surface of muscle is disrupted (Gage and Eisenberg, 1969) . Nevertheless, muscles exhibited spontaneous twitchings for 20-30 min after being transferred from the Ringer solution to Ca-free EGTA solution.
Experiments were started when these twitchings had ceased completely.
The resting membrane potential of individual muscle fibres showed fairly constant values (about -30 mV) for up to at least 3 hours in Ca-free EGTA solution.
The present results were obtained during this period. It was found that glycerol-treated muscle fibres were capable of producing regenerative responses by short cathodal current pulse in Ca-free EGTA solution when the membrane was previously hyperpolarized to a certain potential level (up to -80 mV) by injecting anodal current.
These responses consisted of an initial spike potential (initial SP) followed by a slow depolarizing response (slow DR) forming a plateau phase. Fig. 1, A-1, 2 showes these responses. The threshold potential of initial SF was always more negative than that of slow DR. The peak amplitude of initial SF was larger than that of slow DR ; the values being about + 5 mV and -25 mV, respectively.
The duration of the plateau phase of slow DR varied from one fibre to another ; it was usually of the order of several hundred milliseconds and occasionally reached to the order of seconds.
In many cases, the plateau phase was abolished when cathodal current pulse was withdrawn Fig. 1 The initial SP and the slow DR in Ca-free EGTA solution. A-1, 2 ; the initial SP followed by the slow DR which was produced by a cathodal current pulse (duration ; 100 msec) was recorded at two different sweep speed. ( Fig. I, B) . The abolition of plateau phase indicated that slow DR was indeed the membrane response and was not caused by a movement of muscle fibres.
In order to measure the membrane conductance during the responses, small hyperpolarizing pulses were repetitively applied at an interval of 70 msec. A decreased amplitude of electrotonic potentials produced by these pulses indicates an increase in the membrane conductance during the responses (Fig.  1, C-1, 2 and Koyama, 1962) and sympathetic ganglion cells of both frog and rabbit (Minota and Koketsu, 1977) , which may have no or less, if any, T-system, are able to produce the similar regenerative responses to those obtained from skeletal muscle fibres underr the same experimental condition.
Furthermore, cardiac muscle fibres (Matsuda et al., 1956 Chang and Schmidt, 1960; Goto and Abe, 1964; Gamierr et al., 1969) and gastrointestinal muscles (Prosser et al., 1977) , which have less T-system, are able to produce a prolonged action potential in Ca-free solution containing a chelating agent. All these reports may support our conclusion that regenerative responses of frog skeletal muscle fibres in Ca-free media are generated in the surface membrane. According to the present experiments, both initial SP and slow DR are generated by an increase in sodium conductance.
However, the different effects of blocking agents on each responses suggest that sodium enters the fibres through the sodium channel during the initial SP and through the channel which may be the calcium channel during the slow DR, respectively. Beaty and Stefani (1976) demonstrated that the action potential was followed by a long depolarizing response when twitch muscle fibres of the frog were equilibrated in chloride free saline with tetraethylammonium sulphate and they concluded that the depolarizing response arised from an increase in a calcium conductance.
Stanf ield (1977) confirmed the existence of calcium channel in frog skeletal muscle fibres under the voltage clamp experiments.
One explanation of the present results is that sodium ions may be permitted to pass through this calcium channel and produce the slow DR in Ca-free solution containing a chelating agent.
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